Abstract. Human papillomavirus (HPV) type 52 is one of the high-risk HPV types. Its variants can be classified as of Asian and European lineages, while little data of HPV 52 variants are available from China. In this study, the complete E6 and L1 genes were amplified and sequenced in 79 samples from eastern Guangdong, China. In total, 21 variants were identified, 18 of which could be divided into Asian lineage and the other three were phylogenetically related to European lineage. No significant difference was found between the pathogenicity of these two lineage variants. Two HPV-52 lineages variants could be classified by high resolution melting (HRM) analysis. Thus, we believe that the application of HRM analysis would be useful for facilitating pathogenic comparisons between different HPV variants. In addition, we found that 6 females were infected with two types of HPV-52 variants. To our knowledge, this is the first time that this rare phenomenon is reported worldwide.
Introduction
Cervical cancer is the second most common gynecologic malignancy in Chinese women (1) . Persistent infection of specific types of genital human papillomaviruses (HPVs), especially the oncogenic or high-risk (HR) types, has been generally recognized as the principle cause of this disease and its precursor, cervical intraepithelial neoplasia (CIN). HPV-52 is one of 13 anogenital tract infected HR-HPV types (2) . According to a meta-analysis in 2003 (3) , it is the seventh most common detected HR-HPV type in invasive cervical cancer (ICC) worldwide. However, in South-East Asia, HPV-52 is one of most common prevalent HR-HPV types, and a large proportion of cervical cancers is associated with HPV-52, which is the second or third most common HPV type in ICC (4, 5) .
Each HPV type comprises numerous genomic variants, and an up to 2% nucleotide difference has often been identified. This difference confers each variant a biologically distinct characterization and pathogenic risks (6) . HPV-52 is phylogenetically related to HPV-16 (7) , whose variants could be divided into Asian-American, African and European lineages, whose carcinogenic risks have been extensively studied (8, 9) . Similarly, the variants of HPV-52 could be classified as Asian and European lineages (10) , with a mean sequence difference of 1.8-2.0% (11) . However, limited data of HPV-52 variants is available from the mainland of China (12) .
The genomic characterization of HPV variants is necessary for understanding the intrinsic geographical relations and contribute to research of their pathogenicity. Traditional studies on the variability of HPV types are very laborious and costly. First, all target genes need to be sequenced following a set of polymerase chain reaction (PCR), and then the resulting sequences need to be compared with the reference sequence to identify mismatches. The high resolution melting (HRM) analysis provided scientists a new approach to detect and classify HPV variant in recent years. This kind of method combines DNA amplification by PCR and subsequent melting of the amplicons into one reaction. After data normalization, the sequence variation could be identified by the shape of melting curves (13) . This new approach has been successfully used to study the variability of HPV type 16 (14) .
Based on an epidemiologic screening for HPV infections in Chaozhou, eastern Guangdong province from 2009-2010, HPV-52 was found to be the most common HR-HPV type in this area. More than one third (971/2907) of HR-HPV infectors were singly or multiply infected with HPV-52. The present study explored the nucleotide variability and phylogeny of HPV-52, in samples from the HPV infections screening mentioned above. For this purpose, the E6 and L1 genes were firstly sequenced by the traditional method, then the HRM analysis was used to group identified variants. The pathogenicity of the most common variants was compared. Unexpectedly, several abnormal peaks (double peaks) were found in direct sequencing results. We speculated these specimens may contain two or more different HPV-52 variants, and the restriction enzyme analysis was performed to validate this hypothesis.
Materials and methods
Sample collection. From December 2009 to September 2010, an epidemiologic screening for HPV infections was organized by the Chaozhou municipal government, and more than 48,000 females participated in this screening. Multiplex real-time PCR was firstly performed to detect 13 types of HR-HPV infection. Then, the HPV GenoArray test (15, 16) was used to identify the specific HPV types with the same samples. HPV DNA positive women were advised to receive ThinPrep liquid-based cytology test (LCT), and histological diagnosis was performed if necessary. In this study, a woman was eligible to participate in the study if she i) participated in the HPV infection screening described above; ii) was singly infected with HPV-52; iii) received LCT and/or histological diagnosis; and iv) was willing to be a subject in the present study. The study was carried out with the approval of the Ethics Committee of Chaozhou Central Hospital, Chaozhou, China, and patient consent was obtained for the collection of cervical exfoliated cells.
In accordance with the suggestion of gynaecological practitioners, 186 HPV-52 infectors received LCT. Among them, 102 women were excluded since they were infected with multiple HPV types or did not agree to participate in the study. In total, 84 eligible cases of single HPV-52 infection were enrolled into the study.
DNA extraction and amplification. The cervical exfoliated cells were collected using plastic cervical swabs, and then immediately stored at 4˚C. The DNA was extracted by the alkaline lysis method using DNA extraction kits (Hybribio Biotechnology Corp.). Detailed protocols for this assay have been described previously (15) . The quality of extracted DNA was checked by PCR amplification of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene (forward, 5'-CAT GAC CAC AGT CCA TGC CAT CAC T-3' and reverse primer, 5'-TGA GGT CCA CCA CCC TGT TGC TGT A-3').
For complete E6 and L1 gene amplification, two and three sets of primers (Table I) were designed respectively based on the sequence of the prototype TJ49-52 (GenBank ID: GQ472848). The complete 1.8 kb genomes of the L1 gene were amplified in three or four overlapping fragments according to the primers used. The amplification protocol was as follows: initial denaturation for 5 min at 93˚C, followed by 35-40 cycles of denaturation for 1 min at 93˚C, annealing for 1 min at the appropriate temperature (Table I ) and elongation for 10 min at 72˚C. The amplified DNA fragments were identified by electrophoresis on 2% agarose gels stained with ethidium bromide, and submitted for sequencing of both strands at the Invitrogen Biotechnology Co., Ltd., Guangzhou, China.
Sequence analysis and phylogenetic evaluations. The mismatches were analyzed and determined using the Blast 2.0 software server (http://www.ncbi.nlm.nih.gov/blast). The HPV-52 prototype TJ49-52 was used as standard for comparison. Each unique sequence variation was verified by repeated amplification and opposite strand sequencing. The resulting sequences were aligned with ClustalX software, the neighbor-joining and unweighted pair group method with arithmetic average (UPGMA) trees were constructed by using the MEGA software version 5 (17, 18) .
Restriction enzyme analysis. Abnormal peaks (double peaks) were found in seven sequence traces, and their corresponding PCR products were named Ab1 to Ab7, respectively. In order to eliminate samples cross-contamination, the DNA of these specimens was re-extracted, amplified and sequenced again.
For this rare phenomenon, we speculated that the PCR products contained two kinds of amplicons. In order to validate this hypothesis, restriction enzymes TaqI, XbaI, BspEI, RsaI, MspI and MlyI (all purchased from Fermentas) were selected according to the neighboring sequence of abnormal peaks. The selection criteria were i) either one hypothetical amplicon or another was cleavable; and ii) there was only one recognition site of restriction enzyme on the selected amplicon. The PCR products were digested with specific enzymes according to the recommended protocols for digestion of PCR products The prototype of HPV-52 isolate TJ49-52 (GenBank ID: GQ472848) was used as the standard for nucleotide position numbering.
directly after amplification. The 50 µl digestion mixture included 15 µl PCR reaction mixture, 29 µl nuclease-free water, 3 µl 10X buffer and 3 µl (10 U/µl) restriction enzyme. The detailed protocols for digestion are listed in Table II . The resulting fragments were run on 2% agarose gels stained with ethidium bromide, and the uncleavaged fragments were purified and submitted for sequencing.
HRM analysis. All of the specimens which could be successfully amplified with PCR, were subjected to HRM analysis. 
Liquid-based cytology test (LCT) and pathological diagnosis.
LCT was performed in the Chaozhou Central Hospital. The detailed protocols were previously described (15) . The results were evaluated using the Bethesda system (19) . The evaluation Statistical analysis. For pathogenic risks assessment, binary and multinomial logistic regression analysis was used. Firstly, the pathogenic risks were compared (binary logistic regression) between two main lineages variants according to the phylogenetic trees constructed. Then, the pathogenic risks of the four most common variants were compared (multinomial logistic regression). All data were analyzed using SPSS software version 16. P-values were two-sided, and statistical significance was accepted if the P-value was ≤0.05.
Results and Discussion
Phylogenetic and geographical relatedness of HPV52 variants. Of the total 84 specimens, five specimens were excluded since they were negative for GAPDH amplification, and the complete E6 and L1 genes were amplified and sequenced successfully in 79 cases. Among them, six cases were not suitable for genetic variability evaluation because they were infected with two kinds of HPV-52 variants. Thus, the HPV-52 genetic variability was evaluated in 73 HPV-52 singly infected females (median age 44.5 years, range 35.5-59.4 years). At the nucleotide level, a total of 21 HPV-52 variants were identified when E6 and L1 sequences were combined and the prototype TJ49-52 was used as the standard for comparison. The sequences of these 21 variants have been submitted to the GenBank. The GenBank IDs are JN874437-JN874457 for the E6 gene and JN874416-JN874436 for the L1 gene (Table III) . The maximum nucleotide diversity was 1.1% (22/2037) observed between isolates CZ52A375 and CZ52E429.
There were 10 and 15 kinds of variability found on E6 and L1 gene, respectively. Across the E6 gene 2.5% nucleotide sites (11/447) and 1.3% encoded amino acids (2/149) were variable (Table IV) , while 1.9% nucleotide sites (31/1590) and 1.1% encoded amino acids (6/530) were variable across the L1 gene (Table V) .
Great similarity was found between the phylogenetic trees constructed based on the E6 or L1 gene. Partial and complete HPV-52 sequence reports in different regions of the world formed evolutionary trees with two main branches driven by variants with high prevalence in Asia (Fig. 1, branch A) or Europe (Fig. 1, branch E) , which was coincident with the previous study (10) . The details of the sequences used for phylogenetic tree construction are presented in Table VI .
The isolate CZ52A105 represented the most common variant on branch A with 45.2% (33/73) of the cases infected with this kind of variant (Table VII) . Following was isolate CZ52A255 (8/73) and CZ52A207 (8/73). There was one synonymous mutation compared with CZ52A105 on E6 for the former and on L1 for the latter. The fourth most common variant were isolates CZ52A228 (2/73) and CZ52A264 (2/73). There was one synonymous mutation compared with CZ52A105 on E6 for the former, and one synonymous mutation on E6 and L1 respectively for the latter. The sequences of other variants located on branch A were all unique.
The isolate CZ52A105 located at the bifurcation of branch A, 83.6% (61/73) samples were identical with CZ52A105 at amino acid level. Moreover, its E6 and L1 sequences were completely matched with isolate IN141070 (11, 20) Isolate  90  136  168  228  249  255  277  278  336  366 429 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ Nearly one tenth (7/73) of the cases were phylogenetically related to European lineages, and three variants were identified. The isolate CZ52E429 (4 cases) represented the most frequent variant, followed by isolate CZ52E928 (2 cases). Compared with CZ52E429, one non-synonymous mutant was observed on L1, two and seven synonymous mutants were identified on E6 and L1 respectively. The other isolate located on branch E was CZ52E136 (1 case), there was only one synonymous mutant found on E6 if the sequence of isolate CZ52E429 was used as a reference. The isolate CZ52E928 located at the bifur- Table III , the details for the other sequence used for phylogenetic tree construction is shown in Table VI . cation of branch E, it may represent the most widely spread variant. The same E6 and L1 sequences were also found in Europe (Germany) (21), Africa (Rwanda) and North America (Costa Rica) (11, 22, 23) . We speculate that this variant may be derived from the worldwide migration of the European host.
Nucleotide position -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variants pathogenicity assessment and HRM analysis application. Despite phylogenetic relatedness, a geographic-related pathogenicity difference has been found in HPV-16 and HPV-18 variants. The carcinogenic risk for Asian-American or African HPV16 variants is greater than that of European variants (8) , and non-European HPV-18 variants are more common in cancer tissues than European variants (9) . A preliminary pathogenicity comparison between HPV-52 variants was performed in this study. The LCT results of the most frequent variants are shown in Table VII . A total of 73 specimens were firstly divided into 2 groups, one was made up of the Asian lineage related specimens (66 cases), and the other was composed of European lineage related specimens (7 cases). The pathogenic risk was assessed by binary logistic regression analysis. The median age of the two groups was 45.4 and 42.2-year-old, no significant difference was found between the pathogenic risk of these two lineages variants (P=0.72). Then, the pathogenic risks of the four most common variants were evaluated. There was no statistically significant difference between the groups (P=0.51). However, there were some limitations for this conclusion, because there was a great unbalance between the case numbers of the variants. In order to validate this conclusion, it is necessary to perform this experiment in a larger sample.
The HRM analysis provided us a more economic and rapid method to deal with large scale screening HPV-52 variants. As a Figure 2 . HPV-52 variant group identified by HRM analysis. HRM analysis used to group 79 specimens (including 6 cases with 2 variants infection). Several repeats (x n) were used for the less frequent variants. Group A, n=54x1; Group B, n=14x1; Group C, n=2x3, Group D, n=1x6; Group E, n=5x2; Group F, n=2x3; Group G, n=1x6. preliminary attempt, the E6 gene was used to group identified HPV-52 variants by HRM analysis. The choice of E6 gene for the analysis of the variability by HRM was based on the fact that it was the most common gene examined by sequencing worldwide, and because it has an optimal variable region (6, 14) .
A shorter amplicon was usually required for HRM analysis because as amplicon size increase, it becomes increasingly difficult to identify mismatches (13) . For this reason, the amplicon (nucleotide 187-326, 140 bp) used for HRM analysis was only one third of the complete E6 gene. This amplicon involved five mismatches found on the E6 gene in our study, and these mismatches led to six kinds of variants. One variant involved two mismatches, the other five contained only one mismatch. It is worth pointing out that the consensus mismatch between the Asian and European lineages was located at nucleotide 278 (G>A) (Table IV) , and it was also located in the amplicon.
After all the data were normalized, a total of 79 specimens (including six multiple variants infection cases) were divided into six groups (Fig. 2) , and all of six variants on the amplicon could be divided into distinct groups. Four groups ( Fig. 2A-D) were composed of Asian variants, and the other two ( Fig. 2E and F) were made of European variants. In this sense, Asian and European variants could be distinguished by HRM analysis with a complete accuracy. Therefore, the application of HRM would facilitate the HPV-52 variants pathogenic comparison between Asian and European lineages. In addition, one case with two HPV-52 variants infection (Ab1) could also be identified by the shape of the resulting melting curve (Fig. 2G) .
Multiple variant infections.
In this study, some double peaks were found in 7 direct sequencing results, and 6 specimens were involved in these events. The Ab6 and Ab7 were consecutive fragments derived from one specimen, and the other 5 came from different specimens. Interestingly, the same double peaks were found in four of them (Ab2-Ab5) at the same nucleotide position.
After digestion with specific restriction enzymes, three electrophoresis bands could be found, including two new generated bands and one uncleavable band (Fig. 3) , which was purified and submitted for sequencing. The double peaks disappeared in the sequence trace of the uncleavable fragments, which were replaced by a single base at the corresponding positions (Fig. 3) . Using Ab2 (Fig. 3C) as an example, six double peaks were observed in its direct sequencing results (Fig. 4B2 ). They were composed of peaks, C:A, G:T, A:G, G:A, A:C and C:T in turn. After digestion with restriction enzyme XbaI, these double peaks were replaced with single base C, G, A, G, A and C respectively in the sequence trace of the uncleavable fragment. On the contrary, if this PCR product was digested with restriction enzyme TaqI, these double peaks were replaced with single base A, T, G, A, C and T, respectively. Based on this result, we believed that the most possible reason for this event was that the specimens contained two HPV-52 variants, in other words, these women infected two kinds of HPV-52 variants. We believe that this phenomenon may be similar to the multiple type infections. Once a woman is singly infected with HPV-52, she has an almost equal opportunity of further infection with other HPV types or infection with HPV-52 again, the former events leading to multiple infections, and the latter possibly leading to two kinds of HPV-52 variants infection.
To our knowledge, this rare phenomenon has not so far been reported worldwide. However, since it was observed in 7.6% (6/79) specimens in this study, why was it not observed in the previous studies? We think that there are three possible reasons. First, this rare phenomenon is preferentially observed in an area of high HPV-52 prevalence. Second, the primers used for amplification must have been suitable for two kinds of variants. Last but not least, the viral loads of two different variants should be nearly equal in the same sample. However, the lower one might be ignored in the sequencing trace if there was a great difference between the viral loads of the two variants. As described above, HPV-52 was the most common HPV type in eastern Guangdong, and its high prevalence may increase the opportunity of multiple variants infection.
